Attaining and sustaining a competitive advantage is fundamental to strategy. While research in the resource-based view of the firm has identified those characteristics of resources and capabilities that give firms a competitive advantage, very little progress has been made in providing empirical evidence. Moreover, we still know very little about the deployment of these capabilities. Yes, in the resource-based view of the firm, 'competitive advantage lies "upstream" of the product markets and rests on the firm's idiosyncratic and difficultto-imitate resources' (Teece, Pisano, and Shuen, 1997: 513). Ultimately, however, resources must be converted to customer value since competitive advantage often comes from offering customers better value than competitors (Porter, 1991 This paper presents a model and empirical evidence for valuation of firm capabilities. The model rests on the fact that customers' valuation of a product is a function of the characteristics of the product (Lancaster, 1971; Rosen, 1974) . These characteristics are, in turn, a function of the capabilities that undergird them. By estimating how much customers value each characteristic, the competitive advantage that firms derive from different underpinning capabilities can be estimated. In the process, firm capabilities are mapped into different performance characteristics and, in turn, into customer valuation and competitive advantage.
This paper presents a model and empirical evidence for valuation of firm capabilities. The model rests on the fact that customers' valuation of a product is a function of the characteristics of the product (Lancaster, 1971; Rosen, 1974) . These characteristics are, in turn, a function of the capabilities that undergird them. By estimating how much customers value each characteristic, the competitive advantage that firms derive from different underpinning capabilities can be estimated. In the process, firm capabilities are mapped into different performance characteristics and, in turn, into customer valuation and competitive advantage.
In addition to shedding light on the important link between capabilities and customer value, the model is of potential interest to strategy research for three other reasons. First, although the concept of competitive advantage is central to strategy, many more tools have been developed for quantifying cost competitive advantage than for quantifying a differentiation advantage (Besanko, Dranove, and Shanley, 2000) . This model provides one method for estimating differentiation competitive advantage. Second, measurement is fundamental to research, and if we are to understand the role that capabilities play in building or eroding competitive advantage we need to explore different ways of measuring the advantage from capabilities. Finally, in estimating competitive advantage from capabilities, I am effectively measuring these capabilities. Thus, the paper is also a contribution to answering the call for more empirical research in the resource-based view of the firm.
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MODEL
To give a firm an enduring competitive advantage, a resource must be heterogeneously distributed in the industry and be difficult or costly to imitate (e.g., Barney, 1986; Cool and Schendel, 1988; Miller and Shamsie, 1996; Helfat, 1997) . Differences may arise from scarcity (Peteraf, 1993) , irreversible commitments, or first-mover advantages such as customer-switching cost, experience, reputation, and property rights (Lieberman and Montgomery, 1998) . Inimitability may come from the tacitness of the underpinning knowledge (Conner and Prahalad, 1996) , or isolating mechanisms such as the historical or socially complex context in which they were created, or path-dependent nature of the creation process (Rumelt, 1984; Dierickx and Cool, 1989; Barney and Arikan, 2000) . Ultimately, however, resources must be converted into customer value if their owners are going to profit from them. Below, I present a model for exploring the link between capabilities, customer value, and competitive advantage.
Consider a firm that uses its capabilities to offer products in one or more markets. Each of these products can be viewed as bundles of characteristics (Lancaster, 1971) . The value that a customer attaches to the characteristics is a function of the extent to which they contribute to the customer's utility or pleasure (Lancaster, 1971; Rosen, 1974) . Customers opt for one firm's product over another's if the product offers them better value than the other firms'. This customer value can be conceptualized as coming from three levels. Level 1 is the performance characteristics as perceived by customers. These are the characteristics that fit in the customer's own system of activities or value network (Christensen and Bower, 1996) . For example, a digital animation studio's valuation of a computer is a function of how fast the computer processes images, how user friendly it is, how much information it can store, how the computer helps the firm 'bring images to life,' and so on.
Performance characteristics are, in turn, a function of physical characteristics (Level 2). In the computer example, the speed with which a computer performs tasks is a function of such physical characteristics as processor chip feature size, main memory capacity, disk capacity, and operating system. Physical and performance characteristics, in turn, rest on the product technology-the components and linkages between them, methods, processes and techniques, and core concepts that underpin them. Each firm has certain firm-specific technological resources (e.g., patents, skilled engineers, stock of knowledge in the form of databases, product or engineering designs, specialized plants and licenses, etc.) that it uses to offer products with desirable characteristics. A firm's technological capability, then, is its ability to use these resources to combine/recombine components, linkages between the components, methods, processes and techniques, and underpinning core concepts to offer products. According to the resource-based view of the firm, each firm's technological capabilities should be different. Some firms' capabilities are going to be superior to those of others, allowing them to offer products with superior characteristics for prolonged periods. If these characteristics are what customers value, the firm has a competitive advantage. Customer value often rests on more than technological capabilities; it also depends on complementary assets (Teece, 1986) .
Thus, when customers pay for products they are paying for the different characteristics and indirectly for the underpinning capabilities of suppliers. Therefore one can use hedonics, traditionally used to estimate quality-adjusted price indexes (Griliches, 1971) , to estimate competitive advantage from technological capabilities. To understand why, consider customers and suppliers in a market for a product with characteristics Z(z 1 , z 2 , z 3 ). At a point say, A, where customers' indifference utility curves are tangential to suppliers' profitcharacteristics indifference curves, buyers' marginal utility from an extra unit of product characteristic is equal to suppliers' marginal cost of providing the unit which is equal to the implicit or hedonic price, p(z), of the product characteristic at that point (Rosen, 1974) . Firms at a point such as A, face pure competition in product characteristics-that is, firms are price takers. An important question, and a critical one for this paper, is: Since firms do not have market power at equilibrium points such as A, and instead act as price takers, does it mean that a firm cannot have a competitive advantage at a point such as A? Of course, it can. A firm can make more profits than its competitors at point A and therefore have a competitive advantage. How? The best explanation follows from Peteraf (1993) . Consider a market with scarce resources that cannot satisfy demand, therefore offering an opportunity for Ricardian rents. Because the scarce resources cannot satisfy demand, inferior resources have to be brought into the market. Since firms are price takers, they produce at a point where price equals marginal cost. In equilibrium, industry demand equals supply and, while the equilibrium price is equal to the average cost for firms with inferior capabilities, it is higher than the average cost for firms with superior capabilities who make money (Peteraf, 1993: 180-181) . If these superior capabilities stay scarce and inimitable, the firm will continue to have a competitive advantage.
According to Berndt (1991: 117) , 'implicit marginal prices of the characteristics can be calculated as derivatives of the hedonic price equation with respect to levels of the characteristics.' Therefore a hedonic model can be constructed to determine the implicit prices of each product characteristic (Griliches, 1971; Rosen, 1974; Berndt, 1991) , and the implicit value of the different underpinning capabilities. Accordingly, we have three simultaneous equations:
where P t is the price of the product,
is the vector of performance characteristics at time t, t = (f 1t . . . f nt ) are the physical characteristics, TC are the underpinning technological capabilities, CA the complementary assets, and MS is the market share. By solving this system of simultaneous equations, the implicit price and market share of each product's characteristics and underpinning technological capabilities can be determined. When product prices are regressed on product attributes, the coefficient of each attribute represents the average marginal implicit price for the attribute. As with any regression, the residues include any omitted variables. However, since the hedonic function traces the points where marginal cost equals marginal utility, the residues from the regression have several other important interpretations. They can also mean overpricing by sellers (from firm inefficiencies and higher costs), or additional consumer value not captured by product attributes (Stavins, 1991; Hartman and Teece, 1990) . High residues can also be indicative of market power by firms. Finally the residues may reflect firm strategies (Hartman and Teece, 1990) . For example, a firm may decide to price low in order to penetrate a market. Which of these situations prevails is better sorted out with the help of the theory that underpins the study.
I have made three assumptions here that are worth explicitly stating: First, that firms with distinctive capabilities are the ones that offer unique customer value or higher levels of it (Prahalad and Hamel, 1990 ) and the premium customers pay for it is a reflection of the distinctive value. Second, that one can divide capabilities into technological and complementary (Teece, 1986) . The rationale here is that while complementary assets such as reputation, marketing, and distribution channels, can enhance customer perception of performance and physical characteristics, these characteristics are still largely determined by the firm's technological capabilities. That is, a computer's speed is influenced by the microprocessor in it and how the PC maker links the different components of the system, not by the reputation of the PC maker. Finally, I assume that a firm's technological capabilities can be divided into different segments. For example, Intel can be seen as being made up of different groups each of which has different technological capabilities that deliver value to different customers: microprocessor, flash memory, computer systems, and so on. The microprocessor group, for example, has patents and copyrights associated with it, employees skilled in the Intel architecture, and a strategy of pushing the edge in microprocessor performance.
To summarize, the model has two major steps. In the first, customer valuation of performance and physical characteristics is determined using Equation 1. This valuation is in the form of the implicit prices that customers pay for the characteristics, and in the market share that the firm captures. In the second step, the performance and physical characteristics whose value is now known are mapped into the technological capabilities that underpin them (Equations 2 and 3). The extent to which the firm's capabilities enable it to provide products with characteristics that customers value is determined. The firm's competitive advantage is also determined.
THE CASE OF CHOLESTEROL ETHICAL DRUGS Customer value and capabilities
The primary goal of pharmaceutical drug companies engaged in cholesterol drug development is to produce drugs that reduce the level of total plasma cholesterol, especially the level of so-called bad cholesterol or low-density lipoprotein (LDL) cholesterol, while also increasing the level of good cholesterol or high-density lipoprotein (HDL) cholesterol. These firms also want to offer drugs that are safe, with very few side effects. To meet these goals, pharmaceutical companies have pursued different cholesterol drug technologies over the years.
Data
The data are for cholesterol drugs in the market from 1988 to 1994. The primary sources of drug characteristics were the National Library of Medicine MEDLINE database and medical journals. Retail drug prices and market share came from Pharmaceutical Data Services data that were published in Drug Topics from 1988 to 1994. The data were for 7 years with a total of 78 observations.
Model operationalization
The dependent variable for Equation 1a is Price, the price paid for one day's worth of cholesterol drugs, deflated to 1992 dollars using a GDP deflator. In Equation 1b, the dependent variable is market share, measured both as a drug's share of number of prescriptions for the year in question and as the hedonic price times share of the number of prescriptions. A drug's performance is usually measured by two parameters: efficacy and safety. Efficacy is the ability to cure or prevent an illness, or alleviate a condition or symptom that the drug is designed to attack. For this study, efficacy was measured by: Reduction in total cholesterol and Increase in HDL cholesterol (high-density lipoprotein cholesterol, so-called good cholesterol). In the United States, the safety requirement is usually enforced well before the Food and Drug Administration (FDA) approves a drug for marketing. Even then, drugs often have side effects that can be unpleasant to some patients. Safety was measured by the number of Adverse effects of the drug in question.
Two popular physical characteristics for pharmaceuticals-half-life and absorption rate-were omitted because their effect was considered irrelevant in this study. Half-life is the time required for blood drug concentration to drop by half and an indicator of how long a drug remains in the bloodstream. The doctors I interviewed indicated that this was not a primary consideration in their choice of cholesterol drugs. Absorption rate measures how quickly a drug enters the bloodstream, and while it may be critical for, say, heart attack drugs, it is not important in lowering cholesterol levels. Moreover, some cholesterol drugs such as bile acid-binding resins work inside the stomach without being absorbed into the bloodstream.
I proxied a firm's technological capabilities with the interaction of a technology variable and firm dummy. For example, Merck's technological capabilities in statins is proxied by STATIN * MERCK. Recall that in developing drugs using one of the technologies, each firm has its own patents, knowledge base, organizational structure, integration of know-how, and people. It has its own capabilities. The dummy variables for each of the different technologies are NICOTINIC, FIBRATES, BILEACID, PROBUCOL, and STATINS. Firm dummies such as MERCK for the firm Merck are also used.
Model specification and estimation
Since there are no physical characteristics of significance in cholesterol drugs, in Equations 2 and 3 drops out, leaving Equations 1 and 2, which are estimated as: where FirmDummies are the firm dummy variables, ε is the error term, and the other variables are as defined earlier.
Since using ordinary least squares (OLS) to estimate panel data can result in biased estimates because of unobserved heterogeneity, I performed a Hausman (1978) specification test of the null hypothesis of a random-effects model in comparison to the alternative hypothesis of a fixedeffects model to determine which model was better for the analysis: random effects or fixed effects. The resulting chi-square statistic of 1.32 is not significant even at the 10 percent level. This supports the conclusion that the random-effects model adequately characterizes the relationships in Equations 4 and 5. To estimate these equations, I used the STATA function xtreg, which estimates cross-sectional time-series regression models and, with the re option, estimates random-effects models using a generalized least squares (GLS) estimator that produces a matrix-weighted average of the between and within effects (Stata, 1999) .
RESULTS AND ANALYSIS
Illustrating the model
Recall that the model determines the implicit price and market share premiums of superior product characteristics as valued by customers and, from them, the advantage from the underpinning capabilities. Table 1 presents the estimates of Equations 4 and 5. In Model M1, the coefficient of Reduction in total cholesterol is highly significant, suggesting that the more a drug reduces total cholesterol levels, the higher the price that it can command-that Rugby is the firm dummy * * * Significant to less than 1% level * * Significant to less than 5% level * Significant to less than 10% level A. Afuah is, the more customers value it.
2 The doctors I interviewed in this research expected this result. A one-percentage point increase in a drug's ability to reduce total cholesterol levels results in an increase of 0.6% in the price that the firm can charge.
3 I will call this percentage change in price that results from a 1 percentage change in reduction in total cholesterol levels the total cholesterol price elasticity of value. Price elasticity of value measures the extent to which a firm can command a price premium when it improves a product attribute that customers value. It is the percentage change in price, given a percentage improvement in product attribute. This is not to be confused with the traditional price elasticity of demand which measures the percentage change in demand given a percentage change in price. Price elasticities of value for Increase in HDL cholesterol and Adverse effects can be similarly determined to be 0.33 percent and 0.08 percent.
Having determined the implicit price for Reduction in total cholesterol, I can now determine the implicit prices of the underpinning technological capabilities. I do so by regressing each of the performance characteristics, whose implicit prices are now known, against technology dummies. Table 2 presents the results for Reduction in total cholesterol. Nicotinic acid is the reference technology dummy and since all the independent variables are dummy variables, each coefficient tells us the extent to which each technology can reduce total cholesterol levels better than nicotinic acid. Model M1 of the table is interpreted as follows. The average mean reduction in total cholesterol by nicotinic acid technology is 12.5 percent since the constant term has a coefficient of −12.5 and nicotinic acid is the reference technology dummy. Bile acids reduce total cholesterol levels by 6.4 percent more than nicotinic acids (the coefficient of BILEACIDS is −6.4). That is, the average 2 To insure that the results of estimating Equations 4 and 5 are not an artifact of the logarithm transformation, I ran the models with both Price and Log(Price) as dependent variables. The quadratic effect was significant in both cases, assuring me that the results of estimating these equations are not an artifact of the logarithm transformation. My thanks to an anonymous referee for this suggestion and many other suggestions. 3 Taking the derivative of Equation 4 with respect to C, the total decrease in cholesterol level, dp p = dC(β 1 + β 2 * C). Since the average reduction in cholesterol is 19 percent, a 1 percent reduction in total cholesterol level results in a percentage price change of −1(4.72 − 2 * 0.14 * 19) = 0.6 percent.
reduction by bile acids is 18.9 percent (6.4% + 12.5%). The average percentage reduction in total cholesterol for probucol and statins is 13.9 percent and 25.5 percent, respectively. Since the average reduction in total cholesterol for all drugs is 19 percent, statins have an advantage of 6.5 percent over the average cholesterol drug. Given a cholesterol price elasticity of value of 0.60 percent and that the average price of a daily dose is $1.89, this advantage fetches a price premium of $0.07 per daily dose. Merck's cholesterol-lowering capability in statins is shown in Model M2 of Table 2 as the coefficient of MERCK * STATINS. Its competitors' statins reduce cholesterol by an average of 21.2 percent (the coefficient of statins in M2 plus that of the constant term). Merck has an advantage of 5.33 percent (coefficient of MERCK * STATINS) compared to the industry average statin and an average advantage of 7.53 percent over the average drug.
5 This tells us that there is something about Merck's capabilities in statins that allows it to offer customers drugs that, on the average, reduce total cholesterol levels by 5.33 percent better than other statins and 7.33 percent better than the average drug. This Merck advantage has been attributed to its early commitment to invest in pursuing therapies for cholesterol drugs when most pharmaceutical firms focused on building capabilities to develop therapies for more 'serious' diseases at a time when cholesterol was not seen as much of a threat to health as other ailments (Vagelos, 1991) . Since, from stage one of the model, the cholesterol price elasticity of value is 0.60, Merck's 7.53 percent advantage over the average drug gives it a price advantage of $0.08 per daily prescription over the average cholesterol drug, 6 while its 5.33 percent advantage over statins gives it an advantage of $0.06 over the average industry statin.
Parke Davis's cholesterol-lowering capabilities in bile acids and fibrates are shown in Model M3 as the coefficients of PARKE * BILEACIDS, and PARKE * FIBRATES respectively. Parke Davis's competitors' fibrates reduce cholesterol by an average of 15.4 percent (the coefficient of fibrates plus that of the constant term). However, Parke Davis's 4 dp p = dC(0.60%) = 6.5 * 0.0060. Hence dp = $1.89 * 6.5 * 0.0060 = 0.07. 5 5.33 + (21.2 − 19) = 7.53, since the average drug reduces total cholesterol levels by 19 percent. 6 dp p = dC (0.60%) = 7.33 * 0.0060. Hence dp = $1.89 * 7.33 * 0.0060 = 0.08. Strat. Mgmt. J., 23: 171-179 (2002) have is the fact that they were latecomers in using their respective 7 dp p = dC(0.60%) = 6.4 * 0.0060. Hence dp = $1.89 * 6.4 * 0.0060 = 0.07. technologies to enter the cholesterol market, and in pharmaceuticals moving early can be critical (Henderson, 1994) . Competitive advantage from superior capabilities in increasing HDL cholesterol or decreasing adverse effects can also be similarly determined. Similarly, market share competitive advantage can be estimated.
CONCLUSIONS
In this paper, I presented a model for estimating the value of distinctive technological capabilities. In addition to being a tool for analyzing how much of a competitive advantage a firm can derive in a particular market using its scarce resources, the model has other potential applications. For example, several researchers have
A. Afuah
argued that it is just as important to determine what capabilities to build as it is to determine how to deploy existing ones (e.g., Wernerfelt, 1984; Teece et al., 1997) . One logical first step in building such capabilities is to determine which ones are valued in a market, their elasticities of value and then the capabilities that the firm must build to have a competitive advantage in each market. Also, one property of core competences is that they can be deployed in more than one market. On the other hand, the product-market position suggests that a lack of focus-for example, positioning oneself in too many market positions-can result in poor performance (Porter, 1991 ). An important question, then, is: How much extension to different markets is too much? This model provides some guidelines in exploring this important question.
Although using hedonics allows one to estimate competitive advantage from differentiation and the value of technological capabilities, it has several limitations. It is of little use for estimating the value of cost-saving technological capabilities. While it allows one to estimate the value from differentiation, it does not allow one to incorporate the cost of the differentiation. Finally, it does not account for the value that comes from intangible product features.
Research in the resource-based view of the firm has enriched our theoretical understanding of what types of capabilities are likely to give a firm a competitive advantage. Very little of that research is empirical. Moreover, we know very little about how capabilities translate into competitive advantage in different markets and how much. This paper's model offers some guidance for future research into this important link between capabilities and competitive advantage. If we are to understand important links such as the relationship between the product-market position and the resource-based view of the firm, we need more research in mapping capabilities into customer value and competitive advantage.
